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Abstract - A mini-PET style detector system is being developed for a plant imaging application with a compact array of 
silicon photomultipliers (SiPM) replacing position sensitive photomultipliers (PSPMT).   In addition to compactness, 
the use of SiPMs will allow imaging setups involving high strength MRI-type magnetic fields.  The latter will allow for 
better position resolution of the initial positron annihilations in the plant tissue.  In the present work, prototype arrays 
are tested for the uniformity of their response as it is known that PSPMTs require significant gain compensation on the 
individual channels to achieve an improved uniformity in response.  The initial tests indicate a high likelihood that the 
SiPM arrays can be used without any gain compensation. 
 
 
INTRODUCTION 
 
The use of radiotracers to track various biological activities in plants has been a steadily developing field.  
One important component has been the interdisciplinary modification of medical bioimaging detector 
systems for the specific needs of plant biology research. Reviews of some of this work can found in the 
literature [1], [2].  As a specific example, a collaboration at Duke University involving the Triangle 
Universities Nuclear Laboratory (TUNL) and the Duke University Phytotron has been using 11CO2 tracers 
to study the dynamical responses of plants to environmental changes to elevated CO2 levels in the 
atmosphere.   Other groups in this area include Brookhaven National Laboratory (BNL) in Long Island, 
New York, Forschungszentrum Jülich (Germany), and the Japan Atomic Energy Agency (Japan).  So far, 
only the Duke/TUNL group has built a system uniquely adapted to the needs of the plant biology research 
as opposed to modifying an existing biomedical imaging system [2].  The work has indicated the need to 
develop unique imaging technologies similar to those used in biomedical work (such as PET) but with 
characteristics developed for the unique and particular character of plant biology research.  In a previous 
paper [3], an initial detector design by the JLAB group has been tested at the TUNL/Phytotron facility.  
Based upon this work, a new set of detector designs is being developed based on a planar PET design [4]. 
 
 
PRESENT PMT-BASED DESIGN 
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range is 1.1 mm on average with a maximum range of 4.1 mm [1].  A PET design would detect the two 
annihilation photons formed after the positron achieves thermal energies.  One of the requirements is the 
need to be able to modify the PET setup according to the specifics of the plant setup.  Fig. 1 shows a new 
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 Fig. 10: A similar result taken from a previous study [8] using gain compensated H8500 phototubes.  Even after compensation (for 
large differences), there is still a greater residual non-uniformity compared to the SiPM arrays. 
 
 
With this promising result, the next step will be to create the two full size planar detectors, each 
using a 3x3 array of the individual sub-arrays.  No compensation circuits will be used.  However, the 
readout method will be changed.  The COG scheme would result in 24 readout channels per planar 
detector.  Instead a resistive scheme will be implemented, reducing the readout to 4 channels (+ 1 sum) per 
detector.  In conjunction with the other plant imaging studies, these planar detectors will be used in the 
plant radiotracer imaging program.  There is a special interest in using these detectors in a strong MRI-type 
field.  As mentioned previously, the positrons have a significant probability in exiting the plant tissue 
before annihilating, so it will be important to attempt to restrict the pre-annihilation flight path of the 
positrons within the plant. 
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